proportions of each were dissolved in depigmented human serum. These, together with normal and pathologic native human sera, were analyzed for conjugated, unconjugated, and total bilirubin by the Weber-Schalm method. Results were compared with the determination of "prompt direct reacting bilirubin" and of total bilirubin by the Ducci-Watson modification of the Malloy-Evelyn method.
Comparisons show that the WeberSchalm method more accurately measures conjugated bilirubin concen#{149} trations in serum in which the bilirubin is mostly conjugated, but that it gives falsely high values for unconjugated bilirubin in serum in which more of the bilirubin is in the unconjugated form. The two methods gave statistically identical total bilirubin values for the native serum tested. A method is described for correcting the unduly low values for prompt, direct reacting bilirubin in terms of percentage of conjugated bilirubin.
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observed (1, .2) that some sera react rapidly in aqueous solution (the "direct" reaction)while others react in this fashiononly afterthe additionof ethanol (the"indirect" reaction).
His observations remained unexplained until the discovery of two chemically different bilirubins during 1950 to 1956 (3-9) . Later it was found that reverse-phase chromatography separates three diazo-positive pigments (10). There has been disagreement since then regarding the specificity of various methods in the determination of these pigments.
It is generally agreed, however, that human serum contains two basic types of bilirubin:
(a) a nonpolar free bilirubin, at least partially equivalent to the classic indirectreacting bilirubin, and (b) a polar bilirubinglucuronide,at least partially equivalent to the classic direct reacting bilirubin.
With the introduction of the photoelectric colorimeter or clinical spectrophotometer, numerous analytical methods were devised to separate and quantitate the two types of bilirubin. The new methods areoftwo generalcategories: (a)those that measure conjugated and unconjugated bilirubin as a mixture, and (b) those that separate the two before quantitativedetermination. In the first category are the kinetic methodse.g., methods ofvan den Bergh and Grotepass (11), Malloy and Evelyn (12) , Jendrassik and Cleghorn (13) , Castex et at. (14) , With (15) (25) , (c) a separation based on a combination of spectrophotometry plus the diazo reaction describedby Fog (26) , and (d) a radioassay for the diglucuronide in serum using S-diazobenzene sulfonicacid and Schachter's(27) partitiontechnique, by Broderson (28) .
Our study compares the accuracy and specificityof a method of first category, the Ducci- 
Materials and Methods
Analysis of Bilirubin Content of Native Serum
Native 
CBSerum
From 5 to 50mg of H-CB was crudely weighed into a centrifuge tube and shaken with small amounts (0.5 to 5 ml) of chloroform.
After centrifugation at 3000 rpm for3 mm, the chloroform was decanted.
This was repeated until the supernatant chloroform was colorless and gave a negative qualitative diazo reaction with methanol. The H-CB in the centrifuge tube was then dried under reduced pressure in the dark. The depigmented serum was added in the desired amount (5 to 10 ml), gently stirredwith the H-CB for 1 mm, centrifuged at 3000 rpm for 2 mm, and decanted. The CB-serum was stored at 4#{176}C in the dark until use, not longer than 45 mm.
Unconjugated Bilirubin Serum (UCB-Serum)
Corp., maximal #{128} = 58000) was added to serum by three methods.
All comparisons between methods of analysis are based on resultsfrom the first of these-i.e., the sodium bilirubinate procedure.
(a) UCB was weighed to the nearest 0.02 mg, transferred to a 10-ml volumetric flaskand dissolved in 0.1N NaOH. Exactly 0.1 ml of this solution was immediately added to measured volumes of depigmented serum, followed by 0.1 ml of 0.iN HC1.
(b) UCB was added in small amounts to a centrifugetube, followed by 6 to 10 ml of depigmented serum. The suspension was then agitated vigorouslyfor 5 mm in a Sensaur Lab Mixer (Aloe Scientific Co., St. Louis, Mo.) and filtered through Whatman "blue ribbon" paper.
(c) UCB was added in small amounts to 10 ml of ethyl ether (peroxide-free), and mixed. The suspension was centrifuged at 2500 rpm for 5 mm and decanted.
Six to 10 ml of depigmented serum was added to the UCB-ether solutionand swirled gently for 2 mm. The mixture was then centrifuged at 3500 rpm for 5 mm and the upper ether layer (now gelled)pipetted off. Mixed CB and UCB (CB/UCB-Serum) CB-serum was prepared as above, and divided into two equal portions.Exactly 2.8 ml of one portion was measured and to this, 0.1 ml of sodium bilirubinate solution and 0.1 ml of 0.1N HCI were added; 0.1ml of the same sodium bilirubinate solutionand 0.1ml of 0.1N HC1 were added to 2.8ml of depigment.edserum immediately thereafter.
To correct forthe 0.2 ml of liquidnot containing CB added to the CB/UCB-serum, the resultfor CB by the respectivemethod was multiplied by concentration as the CB/UCB set, a second containing UCB serum with the same (known) concentration as the CB/UCB, and the third containing the CB/UCB mixture.
Calculations
The 
Results
Depigmented Serum
The mean values of residual pigment in the depigmented serum, which were used for correction, are summarized in Table 1 .
pH
The mean values of the pH determinations are summarized in Table 2 . The mean pH difference between reaction mixtures of undiluted native serum and the additions to depigmented serum is not significant.
The difference between undiluted native serum and the dilutions of native serum is significant (p < 0.01).
UCB-Serum
To determine whether the procedure used for addition of UCB to depigmented serum affects the amount measured as CB, the mean values of CB percentage for each procedure were compared by both methods.
Because the 95% confidence intervals for the percentage of CB by the three procedures overlap (Table 3) , there is no significant difference-i.e., both methods erroneously measure some free bilirubin as conjugated regardless of how the bilirubin is added to the serum.
The amount of UCB measured as CB (for the sodium bilirubinate method) is 4.4 ± 2.2% for the D-W method and 4.8 ± 1.5% for the W-S.
Within these limits the percentage of CB remains constant with various amounts of sodium billrubinate.
The difference between the percentage of CB measured by the two methods is not significant.
The accuracy of each method was determined by comparing the measured total bilirubin content with the amount of added sodium bilirubinate. Figure   1 shows that, for the D-W method, the regression of added total bilirubin vs. measured totalbilirubin is nearly congruent with y = x, the line of perfectagreement (slope = 1.06 ± 0.021, Y-intercept = -0.09).The W-S results, however, deviate from the y = x line (slope= 1.22± 0.04) so that as the amount of added sodium bilirubinate isincreased,the upward deviation increases. This is caused by an increase of the measured UCB fraction, the CB fraction not changing significantly with the change in the total.
CB-Serum
The 100%.
The W-S method, however, showed a mean percentage of CB of 97.3% ± 3.2%. Figure   2 shows that, as the amount of CB in the serum increases, the measured percentage of CB by both methods decreases slightly.
CB/UCB-Serum
This serum, having both pigment types present, served as an artificially constructed prototype of native serum. Figure 3 shows that the measured total bilirubinin the CB/UCB-serum (by both methods) isessentially identicalto the sum of the totalsof the CB and UCB sera in any given set (the correlation coefficient, r, for D-W = 0.997; r for W-S = 0.990; slope for D-W = 1.00± 0.02; slopefor W-S = 0.99± 0.02).Although thesedata extend only to 10 mg/100 ml itisevident from the study of native serum that thisagreement between the two methods alsoholds for bilirubin concentrations up to at least20 mg/100 ml (Figure4). Effect of Preliminary Dilution of Native Serum \Then native serum containing more than 35% CB (as determined by the D-W method on an undiluted sample) was quantitatively diluted (see Table 5 ) before analysis, a consistent increase in the percentage of apparent CB measured by the D-W method was noted. This was roughly proportional to the dilution. Data for three representative serum samples are given in 
Analysis of CB and UCB in Native Serum Samples
Because of the effect of dilution on the results of the D-W analysis shown above, all comparisons between methods of analysis are based on undiluted serum samples.
The normal sera studied showed no significant difference between the D-W and W-S values for CB, UCB, or total bilirubin (Table 6 ). method. The correlations then become highly significant (Table 7) . Figure 6 , which shows the D-W plotted against the W-S values for the UCB fraction of native serum, demonstrates that in preponderantly UCBserum (upper curve), the values obtained by the W-S method increase relative to those by the D-W (slope = 1.14 ± 0.03; Y-intercept = 0.07). The same behavior was observed in the artificially prepared UCB-serum ( Figure  1 ). However, in preponderantly CB-serum (lower curve in Figure 6 ) the D-W values for TJCB increase relative to those of the W-S (slope = 0.56 ± 0.03). This was noted also for CB/UCB-serum and CB-serum and is caused by the measurement of a minor, but significant, fraction of CB as TJCB by the D-W method. A composite of these interactions in native serum is given by a comparison of the percentage of CB as measured by the two methods ( Figure 7 ). As shown, the percentage of CB by the D-W method decreases relative to that by the W-S as the proportion of CB in the serum rises (slope = 1.3 ± 0.08, r = 0.95).
Discussion
In their original proposal of the one minute reading to distinguish the "prompt direct" from the "indirect" reacting serum bilirubin, Ducci and Watson (16) Figure 6 ). The W-S method was shown to give falsely high values for the total bilirubin content of UCB-serum (Figure 1 ) and of native serum with preponderantly unconjugated pigment (Figure 6 ). Jirsa and Jirsova (34) and Nosslin (17) found, and we confirm, that the D-W method does not include allof the conjugated pigment in itsvalue for prompt, direct reacting bilirubin, at least if valuesabove 30% are considered.
Significanterror was therefore found only in serum containing preponderantly conjugated pigment. A simple correction for this inaccuracy of the D-W method can be made from the data in Figure 5 . By projecting a horizontal linefrom the ordinate at the level of measured percentage of CB to the D-W plot, and then a verticalline from this intersection to the abscissa, the theoretical percentage of CB may be read from the abscissa. However, in spite of these differences in the two pigment fractions as measured by the two methods, the total bilirubin values remain essentially identical (Figures 3 and 4) .
Broderson (28) has recently calculated the mean amount of CB in normal human sera to be 200 ig/ liter on the basis of a radioisotopic assay. The D-W mean value for prompt, direct bilirubin of normal serum in thisstudy (Table 6 ) agrees well with the data of Zieve et at. (35) but issignificantly higher than Broderson's value for CB. Even with the correction of about 5%, the value remains too high if we assume Broderson's figure to be correct.
It is interesting that the mean CB value for normal serum by the W-S, which is based directly upon conjugated and unconjugated bilirubin, is equally elevated by Broderson's criteria (Table 6) .
Finally, then, both methods have certain objectionable features. Because the D-W has been well correlated with clinical diseases (33), and because it takes from a half to a quarter the time to complete, it is perhaps more appropriate for general use in the clinical laboratory.
There is also the present evidence that it is somewhat more accurate for serum containing preponderantly unconjugated bilirubin.
If more exact measurement of increased conjugated bilirubin concentrations in serum is wanted, the W-S is the more accurate method.
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